
Project Introduction

The focus of this proposal is the guidance and control of a particular type of
solar sail and supports NASA's exploration goals as outlined in TABS element
2.2.2: Solar Sail Propulsion. Solar sails are large, extremely thin sheets of
reflective material that use sunlight to provide continuous thrust. To provide
meaningful thrust levels, the sails must be lightweight, gossamer structures
with several hundred square meters or more of reflective area. The primary
advantage of sails is that they do not use propellant for thrust or attitude
control allowing for theoretically infinite mission duration and infinite impulse.
It is this elegance and limitless potential that make sails so attractive.
Research into this cutting-edge propulsion system has extraordinary promise
for a wide variety of applications. Solar sails could make many prohibitively
expensive missions cost-effective and enable many more that are impossible
without sail power. For example, a sail-craft placed between the Earth and the
Sun could enhance solar storm early-warning and help protect the nation's
space assets. Also, a sail-craft could attack the growing threat of space debris
by capturing defunct satellites, shuttling them to a super-GEO graveyard, and
repeating indefinitely. Further down the road, sails offer the prospect of
inexpensive, reusable cargo transport to Mars and beyond. These are just a
few of the many applications of this technology. Nevertheless, much work
remains before government and commercial agencies will commit to a large-
scale sail-craft mission. This research aims to further develop guidance and
control for a specific type of solar sail: the heliogyro. In this case, the sail is
divided into long blades supported by the centripetal acceleration of the
spacecraft's spin alone. The heliogyro's attitude, and therefore thrust vector, is
controlled by changing the cyclic and collective blade pitch similar to a
helicopter. One advantage of this design over a more traditional square sail is
the lack of blade support structure. This cuts mass and increases acceleration
or payload capacity. Additionally, sail deployment is much simplified; simply
spin the spacecraft up, and allow the blades to unspool. The inability to
effectively ground test such large, delicate structures makes a deeper
analytical understanding essential. This research will attempt to show that
heliogyros are a viable method of both attitude control and main propulsion.
The objective is to answer three essential questions about heliogyro
controllability: How much can heliogyros improve mission performance? What
are the feasible attitude control methods to achieve that performance? How
can we control the pitch of highly-flexible blades to attain the desired attitude?
NASA, especially JPL and Marshall Space Flight Center, have been developing
this technology intermittently for decades. As early as the sixties, JPL
conducted preliminary design work on a heliogyro for a Halley's Comet
rendezvous mission. More recently, they developed the S5 (Solar Sail
Spaceflight Simulation Software) toolkit. Marshall launched a solar sail proof-
of-concept, NanoSail-D, only weeks ago and is developing its successor,
FeatherSail. This research will combine an analytical exploration of the
fundamental concepts, simulations of the orbital and attitude mechanics, and
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finite element analysis of the sail structural dynamics to develop a
comprehensive theory of the factors involved in solar sail control. The goal is
to provide engineers with the tools required to design and plan a heliogyro
sail-craft mission so that someday soon we may begin to realize the vast
potential solar sails have to offer.

Anticipated Benefits

The goal is to provide engineers with the tools required to design and plan a
heliogyro sail-craft mission so that someday soon we may begin to realize the
vast potential solar sails have to offer.
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